During the last ten years, the technique for the electrophoretic analysis of serum proteins, originally described by Tiselius (1), has been standardized and a large number of important conditions have been studied. Luetscher (2) has reviewed this work and pointed out that the common denominator of all disease processes studied has been a relative decrease in the albumin fraction. Both acute and chronic infections produce an increase in the alpha globulin fraction which is often accompanied by an increase in the gamma globulin fraction. Chronic noninfectious processes such as ulcer or cancer also are accompanied by an increase in one or both of the alpha globulin fractions. Chow (3) has demonstrated that there exists a negative correlation between the relative amounts of serum albumin and the combined alpha globulins in disease states such as tuberculosis, ulcer and malnutrition. It has been shown that the characteristic response to protein depletion in the dog (4, 5) is also a decrease in albumin and an increase in the alpha globulins. Since this same change occurs in disease Chow has quite properly raised the question as to whether it is a response to the disease state or whether it is the result of the protein depletion which is common to these diseases.
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CONDITIONS AND MATERIALS
All the subjects were males between the ages of 18 and 34 years and were members of Civilian Public Service. A careful medical examination failed to disclose signs of disease or abnormality when the men were admitted to the laboratory dormitory.
Eleven of these men took part in a long-term dietary experiment in which caloric and thiamine intake were carefully controlled. These diets were adequate in all known dietary constituents. This group of men was subjected at different times to both the stress of malarial fever and five days when they received no food. Ample time was allowed between the starvation stress and the induction of malaria for the subjects to recover completely from the effects of going without food.
These volunteers were inoculated with the McCoy strain of tertian malaria and all of them developed the active disease. After five to eight paroxysms and an average of 193 degree-hours of body temperature above 1010 F., the malarial fever was terminated with quinine sulfate. Further details of this work will be presented elsewhere (6) . Blood was drawn with the men in the fasting state the day before inoculation and again at the end of the febrile period. Plasma volumes were determined on the same day using the blue dye, T 1824. The concentration of the dye was determined by extrapolation of values obtained at 20, 30 and 40 minutes after the injection of the dye. The plasma volumes were calculated according to the procedure of Gibson and Evans (7) .
Four of the 11 men were also subjected to five days of simultaneous starvation and hard work. The regimen of activity was so designed that the men expended 4,500 Calories a day during the fast. During this period the men lost an average of 13.8 pounds or 9 per cent of the initial body weight. Similar experiments which lasted for a shorter period of time have been described previously (8) . Blood samples were drawn the morning of HENRY LWNGSTREET TAYLOR, OLAF MICKELSEN, AND ANCEL KEVS (12) . A 90 mm. center section cell was employed to give good resolution of the pattern. Samples of sera were diluted with veronal buffer with an ionic strength and pH of 0.1 and 8.6, respectively. This mixture was dialyzed against the buffer in the cold (40 C.) for two days and then placed in the electrophoresis cell. The concentration of the serum protein at this time was between 2.5 and 3 grams per 100 ml. of solution. The patterns were analyzed by measuring the area under each peak with a planimeter after the area for each peak had been designated by the method of Tiselius and Kabat (13) . The areas of the various components were measured on both the ascending and descending patterns and these were then averaged. Serum protein concentrations were determined by the micro-Kjeldahl procedure of Keys (14) and the concentrations of the various electrophoretic components were calculated assuming a constant refractive index and nitrogen factor for all fractions, an assumption which does not lead to large errors in normal serum (15) .
RESULTS

The effects of malaria
The effect of malaria on the distribution of the electrophoretic components of the serum proteins of the 11 subjects is summarized in Table I . It will be noted that there was no essential change in the concentration of total protein. There was The subjects are arranged in degree-hours.
order of increasing Figure 1 . The product-moment correlation is 0.72, a figure which is regarded by Snedecor as a significant correlation.
The extent of the changes in the electrophoretic pattern was compared with the number of degree-hours of fever above 1010 F. The data are presented in Table II . The alpha globulin appears to be the only component which showed a change related to the number of degree-hours of fever above 1010 F. The product-moment correlation is 0.54 between degree-hours and the percentage change of a, globulin. The protein concentration is expressed as grams per 100 cc. of serum and the relative amounts of the various electrophoretic fractions as per cent of the total pattern. The analysis is presented for the control period, after 12 and 24 weeks of semi-starvation and after six, 12 and 32 weeks of rehabilitation.
The effects of acute starvation The results of acute starvation are presented in Table III It had been planned to study six men throughout the course of the experiment but four samples of serum drawn at the end of semi-starvation were lost in an unfortunate refrigeration accident. The available data on these six men are presented in Table V . The results are similar and confirmatory to those found in Table IV. Since the plasma volume tends to increase during starvation (10) , the calculation of the total circulating protein clarifies the interpretation of the electrophoretic pattern. Plasma volumes were available for subjects 122 and 123 at the beginning and end of the semi-starvation pe- Results from the same six men are averaged for control, after 12 weeks of semi-starvation (S12) and after six and 12 weeks of rehabilitation (R6 and R12). Values for four men are averaged for the periods R20 and R34 (after 20 that no change occurred in the total circulating gamma globulin.
DISCUSSION
The effects of malaria on the electrophoretic pattern confirm the negative correlation between the relative concentration of albumin and that of the alpha globulins reported by Chow (3) . Malaria can no longer be regarded as an exception to the rule that acute infectious disease is accompanied by an increase in the alpha globulins.
It may be noted that when the total amounts of the various fractions in the circulation are calculated from the plasma volumes, albumin appears to be lost from the circulation and that there are definite additions to some of the globulin fractions. The effect of malaria on the electrophoretic pattern appears to differ from some other diseases such as scarlet fever (16) and rheumatic fever (16) in that no increase in the a. globulin accompanied the a, rise. Dole (17) has shown that attacks of relapsing malaria do not produce the increase ini al globulin reported here. The absence of this response in the malaria patient who has had several bouts with the disease might appear to be an adaptation to recurring stress.
Guttman et al. (18) studied the effects of malarial fever in syphilitic patients. These investigators used a phosphate buffer at pH 7.4 which does not separate a, globulin from the albumin fraction and this fact presumably accounts for their failure to find any changes in the alpha globulins.
The decrease in albumin and the increase in alpha globulins which have been observed in many acute infectious diseases are not explicable as a result of a simple negative nitrogen balance such as is produced by a caloric deficit. The changes noted during malaria here are similar to those seen in pneumonia (19) , scarlet fever (16), rheumatic fever (16) , and tonsillitis (20) . In contrast, no such changes were seen in acute starvation in spite of the fact that the subjects in the latter experiments lost roughly 50 grams of nitrogen each. This protein loss is comparable to that reported for some acute infectious diseases, including pneumonia and malaria (21, 22) .
We have noted that, in our studies on malaria, there was little or no relation between the changes in albumin concentration and the number of hours of fever above 1010 F. This is in contrast to reports, based on salting out with sodium sulfate, that the depression of the albumin concentration is related to the intensity of the malarial fever in both men (23) and monkeys (24) . The difference may be related to the severity and duration of the disease; the malaria here was relatively mild and of short duration. However, our data indicate that the change in a1 globulin is a more sensitive index to the severity of the disease than is the change in albumin content.
The results of the Minnesota semi-starvation experiment clearly demonstrate that protein depletion due to simple caloric undernutrition does not explain the decreased relative albumin and increased alpha globulins shown in the electrophoretic patterns of sera from patients suffering from chronic debilitating diseases such as tuberculosis (25) , ulcer (3), cancer (25) and rheumatoid arthritis (26) . There can be no question that the subjects of the Minnesota starvation experiment were badly depleted of tissue protein.
Corrections of the body weight loss (to be discussed elsewhere [27] ) for changes in fat by the specific gravity method, for changes in extracellular water by the NASCN method and for changes in bone salt by X-ray density techniques indicate that the body weight loss underestimated the loss of active tissue, i.e., more than 24 per cent of the original protein-containing tissues of the body were lost by these men. It is apparent, then, that the alterations in the electrophoretic pattern of the serum proteins in the acute and chronic diseases mentioned above are not the results of protein depletion produced simply by a negative caloric balance. The question may be raised as to whether the "toxic destruction" of body protein can account for the picture in these diseases. The so-called catabolic phase (28) is defined empirically as a negative nitrogen balance which will not respond to an additional intake of calories or protein.
At the present time, the evidence is insufficient to decide whether the catabolic phase of protein metabolism is causally related to the characteristic alterations in the patterns seen in various diseases. Several facts suggest that the pattern changes are independent of this type of nitrogen loss. The negative nitrogen balance in tuberculosis, a disease which produces the alterations in pattern described above, is easily corrected by an increased intake of calories and protein (29) . In addition, Peters (28) has presented evidence that the serum albumins, determined by the sodium sulfate technique, may increase in infectious diseases in spite of a markedly negative nitrogen balance. Finally, the same author states that after surgery the albumin concentration may decrease before the negative nitrogen balance becomes apparent.
The possibility cannot be ignored that the relatively decreased albumin and increased alpha globulins observed in many diseases is a response to a certain type of injury and is independent of nitrogen loss over a wide range. It should be clearly understood that we are not denying that extreme protein depletion, i.e., protein depletion resulting in more than 24 per cent weight loss, may result in decreased relative albumin concentration which may or may not be accompanied by a relative increase in the alpha globulin.
It is frequently stated that protein depletion results in a lowered resistance to infection (30) . It is of interest, therefore, that the protein depletion produced in the Minnesota experiment resulted in only minimal reduction of circulating gamma globulins. While there is much evidence to indicate that the majority of circulating antibodies are found in the gamma globulin fraction (31), it has not been shown that gamma globulin is made up entirely of antibodies. Therefore, the small losses observed in semi-starvation in man do not necessarily represent depletion of circulating antibodies.
SUMMARY AND CONCLUSIONS 1. The sera of 12 normal young men were examined by the moving boundary method of electrophoresis before and after a bout of induced malaria. The malarial fever was allowed to run through five to eight paroxysms and an average of 193 hours over 1010 F.
2. Changes in a given electrophoretic fraction after malaria were of the same order of magnitude regardless of whether they were expressed as per cent of total pattern, grams per 100 cc. of solution or as total circulating proteins. The albumin fraction decreased 14.5 per cent while the a, beta and gamma globulins increased 62, 20 and 19 per cent, respectively.
3. The extent of the change in the a, globulin fraction after malaria more closely paralleled the number of degree-hours of fever over 1010 F. than did the changes in any other fraction of the serum proteins.
4. Four men underwent acute starvation with hard work for five days which resulted in a 9 per cent loss of body weight. Electrophoretic analysis of the sera of these men before and after acute starvation demonstrated no important change other than a general increase in concentration due to a mild dehydration.
5. Nine subjects took part in a semi-starvation experiment which produced a 24 per cent loss of weight in the course of six months and the classical symptoms of famine, i.e., weakness, fatigue, depression, bradycardia, polyuria and edema. The sera of two of these men were examined in the electrophoresis apparatus six times before and throughout both semi-starvation and recovery. The sera of the other seven men were examined at less frequent intervals. It was possible to calculate circulating plasma protein fractions for a number of these men.
6. The serum albumin fraction showed definite increases above normal after 12 weeks of semistarvation and a loss of 18 per cent of the body weight. This was not accompanied by significant increases in other fractions. After 24 weeks of semi-starvation the albumin fraction had returned to normal. The albumin fraction was not depressed below normal at any time during the experiment.
7. Changes in the globulin fractions were minimal except for a definite increase in the beta fraction at the end of recovery when the men were a little overweight. 8 
